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doi:10.1016/j.ejvs.2011.07.003Abstract Objectives: The United Kingdom abdominal aortic aneurysm (AAA) screening pro-
gramme refers aneurysms with ultrasound (US) diameters of 5.5 cm to vascular services for
consideration of computed tomography (CT) and intervention. We investigated the discrepancy
between US and CT, implications on clinical decisions and question at which stage CT be used.
Design/methods: AAA USs over 5 years were retrospectively analysed. Patients included had
aneurysms measuring 5 cm on US with subsequent CT within 2 months (nZ 123). Based on
maximum US diameters, 44 patients had aneurysms between 5 and 5.4 cm (group I) and 79
patients5.5 cm (group II). Results were cross-referenced. Correlation and limits of agreement
were calculated. Two radiologists re-measured 44 pairs of CT/US scans and the inter-observer
bias in determining discrepancies between imaging modalities calculated.
Results: Mean difference between imagingmodalities was 0.21 cm (0.39 cm, p< 0.001). Limits
of agreementwere0.55 to 0.96 cm, exceeding clinical acceptability.Mean differencewas high-
er and significant in group I (0.39 cm, p < 0.001) compared to group II (0.10 cm, p > 0.05).
Seventy-percent of group I patients had CT scans revealing diameters of 5.5 cm. Inter-
observer bias was not significant.
Conclusion: Significant differences between imaging modalities, more in US diameters of below
5.5 cm, exist. We recommend AAAs measuring 5 cm on US should undergo earlier referral to
a vascular service and CT.
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Figure 1 Phantom replica of an aneurysm and calibration
markers.
Timing of CT in Abdominal Aortic Aneurysms 609Clinical assessment of asymptomatic abdominal aortic
aneurysms (AAAs) is largely based on size. Studies have shown
that the maximum aortic diameter is the best clinical
predictor of rupture.1e3 Currentmanagement is based on two
large studies comparing surveillance versus elective repair,
the United Kingdom Small Aneurysm Trial (UKSAT)4 and the
Aneurysm Detection and Management (ADAM) Trial.5 These
studies used an aortic diameter cut-off point of 5.5 cm.
Computed tomography (CT) and ultrasound (US) are two
of the most common imaging modalities used to assess
aortic diameter. Current practice uses US as a cost-
effective method for screening and surveillance purposes.
When the maximum aortic diameter size reaches 5.5 cm on
US, CT is used to assess suitability for intervention, be it
open repair or endovascular stenting.
Variability exists between these two imaging modalities
and resultant differences in size can impact clinical deci-
sions.6e8 Our study set out to investigate the discrepancies
between these imaging modalities, the implications of this
on clinical decisions and questions at which stage CT
imaging be considered.
Results are also considered in the context of the
National Health Service (NHS) AAA Screening Programme,
which has gradually been introduced in England from the
spring of 2009. Implications of our conclusions on the timing
of CT imaging and hence referral to vascular services in this
programme are discussed.Designs and MethodsMain study
The radiology results computerised database was interro-
gated for all patients who had undergone both abdominal
aortic US and CT aortography performed within a 5-year
period (January 2004 to December 2008) at a single UK NHS
Trust. There were 1564 USs performed for suspected AAA in
the5-year period. Patientswere included if they hadmaximal
aortic diameter of 5 cm on US and had subsequent CT per-
formed within 2 months. The general policy within our unit is
to perform CTwhen US shows a maximal diameter of 5 cm.
Although US followed by immediate CT scans are not logisti-
cally possible, the change in AAA size in 2 months is expected
to be very small (0.4mm (95% range:0.16 to 1.02mm))9 and
would not bias our results.
An occasional indication for CT apart from AAA size is the
difficulty in imaging the aorta on US. We reviewed all the US
scan reports to ensure that this factor did not introduce
a selection bias. Only three reports did mention problems
with artefact and tortuosity. However, all three scans
reported US measurements of 5.5 cm whereby CT would
have been arranged regardless based on size.
Accepted local radiological protocol for aneurysm
measurements areas follows.Maximumaorticdiameter onCT
imaging (CTmax) is defined as the largest external diameter in
any direction whilst with US (USmax) as the largest outermost
measurement in the transverse or antero-posterior plane.
Pairs of authorised US and CT reports for the study
population were obtained. The CTmax and USmax figures
were recorded. Based on USmax, the patients were dividedinto two groups, those with sizes between 5 and 5.4 cm
(group I) and those above 5.5 cm (group II).
Data were analysed using Statistical Package for the
Social Sciences (SPSS) (PC version 17.0). Data were nor-
mally (Gaussian) distributed and parametric statistical tests
utilised. Significance was tested using the paired t-test.
Correlation was calculated using Pearson’s coefficient (r).
Statistical comparisonbetween the two imagingmodalities
wasalsoassessedusing themethodofBlandandAltman.10The
mean and standard deviation (sd) of the differences between
the two tests being compared are calculated. Using these
figures, the confidence intervals (mean difference  1.96 sd)
are known as the limits of agreement (LOA) where 95% of the
differences between the two imaging methods are expected
to fall. LOAweredeterminedas clinically acceptablebetween
0.5 and 0.5 cm as defined by Sprouse et al.6Inter-observer variability
The reports of the US and CT investigations were issued by
multiple radiologists. This is a reflection of the retrospec-
tive design of our study but is a potential confounder. In
order to validate our study, pairs of scans were selected
roughly split equally between both groups (23 group I and
21 group II). The raw images from 44 patients were
retrievable for both CT and US. The images were retrieved
on the radiology picture archiving and communications
system (PACS) and the aneurysms re-measured by two
experienced radiologists. The radiologists were blinded to
both each other’s and the initially reported measurements.
Furthermore, the study design required that theymeasure
the US imaging for the entire validation group before
proceeding to measure the CT imaging. They were therefore
blinded to their ownmeasurements of USwhenmeasuringCT.
Maximal aortic diameter was defined as above. If the aneu-
rysmwas tortuous then the trueaxial diameter (definedas the
maximum diameter on a plane perpendicular to the long axis
of the aorta) was obtained usingmulti-planar reformatting of
the CT images. Results were analysed to determine if inter-
observer differences biased the study.
Figure 2 CT image of the aneurysm replica.
610 F.J. Foo et al.Accuracy of CT measurements
Our main study compares US to CT, which we use as the gold
standard reference. Therefore, we wanted to demonstrate
that CT does truly provide accurate measurements of aneu-
rysms.A siliconeAAAreplicaphantom,withknowndimensions,
was scanned twice in a 64-slice CT scanner using standard
aneurysm protocol with 1 mm slice thickness (Figs. 1 and 2).
Reference markers exactly 3 cm apart were placed next
to the phantom during scanning. Measurements were made
on the CT scans using electronic callipers provided on the
image viewing software (VOXAR). Distance between the
reference markers and three measurements of aortic
diameters were made. ‘D1’ was measured immediately
below the lowermost renal artery and perpendicular to the
longitudinal axis of the neck. ‘D3’ was measured at theFigure 3 Maximum AAA diameters on ultrlower end of the neck, at the start of the aneurysm. Finally,
‘D2’ was measured as the mid-point diameter between D1
and D3. Maximum AP and transverse AAA diameters were
also determined.
Measurements were taken twice and although the
observer could not be entirely blinded to the repeated
measurements, a period of 1 week between measurements
was thought to be adequate in reducing bias due to memory
effects. Results from CT measurements were cross-
referenced against the known dimensions of the phantom
model.
Results
Main study
A total of 123 pairs of CT and US scans were included in this
study (Fig. 3). The median age of patients at the time of
scan was 76 years. There were 89 men and 34 women.
For the whole group (nZ 123), the mean USmax was 5.84
(0.79) cm whilst mean CTmax was 6.04 (0.79) cm. This
difference was found to be statistically significant
(p < 0.001) by a matched paired t-test. USmax under-
estimated AAA size compared to CTmax by a mean differ-
ence of 0.21 (0.39) cm. The Pearson’s correlation
coefficient (r) between imaging modalities was 0.88
(p < 0.001) e Table 1. The LOA were 0.55 to 0.96 cm
exceeding clinical acceptability (Fig. 4).
Subgroup analysis for groups I (n Z 44) and II (n Z 79)
was performed and the results of these analyses are also
presented in Table 1.
Group I (AAA USmax 5.0e5.4 cm)
This group showed a greater mean difference between
USmax and CTmax measurements of 0.39 (0.35) cm, which
was statistically also significant (p < 0.001). There was
weaker correlation with an r of 0.364 (p < 0.05) and an LOA
of 0.31 to 1.08 cm.asound versus CT. Group I, Group II.
Table 1 Differences between imaging modalities in determining AAA size according to groups.
Mean Difference (CTmax  USmax) Standard Deviation Significance Correlation (r) Limits of Agreement
Whole group (n Z 123) 0.21 cm 0.39 cm p < 0.001 0.88 0.55 to 0.96
Group I (n Z 44) 0.39 cm 0.35 cm p < 0.001 0.36 0.31 to 1.08
Group II (n Z 79) 0.10 cm 0.37 cm p Z 0.012 0.91 0.61 to 0.82
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Group II patients in comparison had a smaller mean
difference of 0.10 (0.37) cm that was less statistically
significant (p Z 0.012). There was better correlation with
an r of 0.91 (p < 0.001) and an LOA of 0.61 to 0.82 cm.
From a clinical viewpoint, 75% (33 of 44) of the group I
patients (with US maximum aortic diameters of
5.0e5.4 cm) had CT scans revealing a maximal aortic
diameter of 5.5 cm or above, which would place these
patients above the intervention threshold and hence
change management.
Conversely, 6.3% (5 of 79) of group II patients with US
diameters of 5.5 cm had CT scans revealing sizes smaller
than 5.5 cm, also changing management.
Twenty six of the 44 group I patients fulfilled the criteria
for eligibility for UK AAA screening (men, aged 65 or over.)
Of these, 19 (73%) had US scans demonstrating aneurysm
size smaller than 5.5 cm but CT scans demonstrating
aneurysm size greater than 5.5 cm, altering the clinical
pathway.
Inter-observer variability
Radiologist 1 recorded a mean US/CT discrepancy of 0.27
(0.38) cm. Radiologist 2 recorded a mean US/CT discrep-
ancy of 0.34 (0.54) cm (Table 2). The mean difference in
US/CT discrepancy recordings between radiologist 1 and 2
was 0.07 (0.48) cm. On paired t-test, there was no
statistical difference between imaging discrepancies
recorded by radiologist 1 and 2 (pZ 0.346). This concludesFigure 4 Limits of agreement between ulthat there was no systematic inter-observer bias in detect-
ing discrepancies between US and CT measurements.
In addition, agreement between the radiologists at
making AAA measurements for US and CT was assessed
individually. Inter-observer disagreement, as calculated by
LOA, was greater for US measurements (0.88 to 0.75 cm)
as compared to CT (0.68 to 0.41 cm).
Accuracy of CT measurements
The measured distance between the two reference
markers was 2.99 cm on the phantom CT images, with no
significant difference between any of the actual (real) and
image-acquired measurements. For infra-renal neck
diameter (D1), mean difference was 0 mm  0.24
(0%  1.1% of the mean diameter); 0.16 mm  0.11
(0.8%  0.6%) for D2 and 0 mm  0.16 (0%  0.7%) for D3.
Mean difference was 0.06 mm  0.11 (0.1%  0.2%) for AP
diameter and 0.64 mm  1.3 (1.1%  2.2%) for transverse
diameter.
Discussion
There are several studies that have previously evaluated
the agreement between US and CT for the determination of
aortic diameter (Fig. 5). The results have not, however,
significantly impacted upon current practice as none have
addressed the clinical implications of this variability or
made practice recommendations.trasound and CT. Group I, Group II.
Table 2 Differences between imaging modalities recorded by two radiologists.
Mean Difference (CTmax  USmax) Standard Deviation Significance (paired t-test)
Radiologist 1 (R1) 0.27 cm 0.38 cm p < 0.001
Radiologist 2 (R2) 0.34 cm 0.54 cm p < 0.001
612 F.J. Foo et al.For aneurysmal aortas, six of the seven studies have
shown that the size of the aneurysm on US is smaller as
compared to CT with mean differences ranging from 0.1 to
9.4 mm.6,8,11e14 Only one study showed that US produced
larger sizes. The sample size for this study was, however,
also the smallest with only 10 patients.15 Most of the studies
showed that both these imaging modalities had poor limits
of agreement, exceeding clinical acceptability of 0.5 cm
either way. Results for non-aneurysmal aortas are incon-
clusive with one study concluding US produces smaller
sizes12 whilst the other larger.14
When making clinical decisions, most use maximum
aortic diameter in any direction on CT scan with a threshold
of 5.5 cm. US appears to persistently under-measure
aneurysm size relative to a reference standard (CT).
Hence, we feel CT should be considered at a lower US
threshold than is currently common.
Our study confirms that US produces smaller diameters
and that the discrepancy between the imaging modalities
was greater for patients with smaller aneurysms.Figure 5 Summary of previous studies investigating agree-
ment between CT and for AAA measurements.This has more significant implications in group I patients,
as with smaller aneurysms, the discrepancies are pro-
portionately larger. Furthermore, differences between US
and CT in group I patients were more significant as it could
have led to change in clinical management. In the NHS AAA
screening programme (NAAASP), only screen detected AAA
5.5 cm are referred to a hospital vascular surgical practice.
From our study, 73% of our group I patients, who under the
screening programme would have continued surveillance,
actually have an AAA of 5.5 cm (on CT) and need referral.
The NAAASP uses internal US diameters as opposed to
the conventional external diameters used in the UK Small
Aneurysm Trial and Aneurysm Detection and Management
(ADAM) study. This would further undersize the aneurysm,
supporting our recommendation for the earlier use of CT.
In the second part of the study, we showed that there
was no systematic bias between observers with respect to
discrepancies between US and CT measurements of AAA
size. This validates our retrospective data that used reports
issued by many radiologists within an NHS trust, which
exemplifies what would truly happen in a daily practical
setting and in the screening programme.
This part of the study also showed stronger agreement
between radiologists when measuring CT AAA sizes as
compared to US, supporting our recommendation for earlier
use of CT, which has less inter-observer variation.
Previous investigators have proposed several explana-
tions for the discrepancy between US and CT. Firstly,
maximal aortic diameter on CT is usually measured as the
largest diameter across the aorta, no matter what its path.
On US, protocol is usually to measure only antero-posterior
and transverse planes. If the largest diameter is oblique,
then US will underestimate this.11,16
If the aneurysm is tortuous or angulated, the axial CT
slice will be oblique and could result in overestimation of
diameter on CT.6 This is a widely recognised pitfall in
radiological measurements (of all kinds) and most radiolo-
gists measure the short axis of an obliquely running tubular
structure as its true diameter. Moreover, in the validation
part of our study, if tortuous aneurysms were encountered,
images were reformatted to obtain a true axial slice,
perpendicular to the long axis of the aorta, which negates
the effects of tortuosity and angulation.
Finally, the decision on exactly where to place the
callipers to measure AAA size (on both US and CT) is
a somewhat subjective one as there is often no crisp
demarcation between adventitia and peri-adventitial
tissue. Our radiologists found this to be more of
a problem on US than on CT, as reflected by the wider inter-
observer LOAs for US.
Our study clearly indicates that US underestimates the
size of aneurysms, which has significant bearing on
management and the screening process. Further work is
needed to standardise the choice of imaging modality for
screening, surveillance and the threshold for referral and
Table 3 Parameters used by various studies.
Study/Programme Imaging Modality Dimensions Luminal
Diameter
Referral
Threshold
UK Small Aneurysm Trial17 USS (recruitment, surveillance) AP External15 5.5 cm
Aneurysm Detection and
Management (ADAM)
Veteran Affairs Cooperative
Study Group16
USS (recruitment, surveillance)
CT (randomisation, surveillance
for 5.3 cm)
Maximum External 5.3 cm
(CT)
5.5 cm
(Surgery)
Multicentre Aneurysm Screening
Study Group (MASS)18
USS (recruitment, surveillance) Maximuma Not
mentioned
5.5 cm
UK NHS Abdominal Aortic
Aneurysm Screening Programme19
USS (recruitment, surveillance) AP Internal 5.5 cm
a Refers to the greatest diameter in the antero-posterior or transverse plane.
Timing of CT in Abdominal Aortic Aneurysms 613surgery. The imaging modalities and dimensions used by
various studies are summarised in Table 3.
Although data from the United Kingdom e Small Aneu-
rysm Trial (UKSAT) study base the 5.5-cm threshold on US,
the trial took place in an era when CT was not as common
an investigation as it is today (1991e95). The more recent
ADAM study, however, used US for recruitment but CT for
the randomisation of participants. Patients in the non-
surgical treatment arm were surveyed with US, but upon
reaching a diameter of 5.3 cm or greater then underwent
CT.5 In current practice, CT is recognised as the reference
standard and is obtained when surgery is considered. In the
era of endovascular stenting, CT is compulsory in assessing
suitability and planning intervention. CT is also valuable in
patients with aneurysms of <5.5 cm but who are young and
fit. Some clinicians choose to treat smaller aneurysms in
select cases before reaching the advised threshold, hence
supporting the earlier use of CT.
The final part of our study further supports the use of CT
by demonstrating its ability at providing accurate AAA
measurements. We have shown that CT images produce
dimensions with strong agreement to that of real life. This
demonstrates the ability of CT to provide precise
measurements, which we advocate be used at an earlier
stage for decision making. Our phantom model did not
replicate pulsatility of an aneurysm; however, previous
work has shown this factor to only affect readings by an
average of 1 mm (0.8e1.3 mm).20
Recognised limitations to our study include the retro-
spective nature of recruitment. Hence, protocol for CT
requests in aneurysms of <5.5 cm was not set, although our
local practice is to do so with aneurysms of 5 cm on US.
This could potentially result in a selection bias. Data were
analysed only for aneurysms 5.0 cm on US. There may
have been a very small unaccounted group with aneurysms
smaller than 5 cm on US who would have had clinically
significant CT results.
There were a variety of radiologists involved in measure-
ments. It would be ideal to use the same radiologist but this
does not reflect daily practice. Hence, a substudywas carried
out to check for systematic bias between two observers at
recording CT/USS discrepancy. A further limitation to this
part of the study was that US measurements were done on
archived still images which does not replicate the actual
process of performing an US in real time.Another potential bias arises as US measures in two
planes (antero-posterior and transverse) while CT allows for
measurements in any plane. This may produce larger CT
diameters. This bias is common to any study comparing
these two imaging modalities. However, it is also a further
argument for earlier use of CT, allowing more accurate
assessment, where US has missed the widest diameter in
aortas of atypical morphology. We realise that data from
older trials were based on US, a modality disadvantaged by
restricted planes. The wider use of CT as advocated by our
study would lay the foundation for future trials using more
accurate data befitting modern-day practice.
Previous studies have simply provided us numerical
values regarding the extent to which US underestimates the
size of aneurysms. Our work analyses the data against the
thresholds used for intervention. This provides new and
meaningful information regarding the implications of this
accepted discrepancy on clinical decision making.
In the era of screening and prevention, our data is
considered in the setting of the NAAASP. This study provides
further information on how differences between imaging
modalities may miss treatable aneurysms given the pro-
grammes’ current protocols. Also unique to our study is
work incorporated to investigate inter-observer bias, and to
ensure the gold standard used (CT) reflects true real-life
measurements.
Based on our results, we recommend that patients with
an AAA measuring 5e5.4 on US should be referred to
a vascular service for CT scanning.Conflict of Interest
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